Background: Health-related quality of life (HRQoL) is an important component of patient-centered outcomes and a useful parameter for monitoring quality of care. We assessed HRQoL, its determinants, and associations with mortality in patients with end-stage renal disease (ESRD). Methods: Short Form-36 was used to assess HRQoL, its domain components, and physical (PCS) and mental (MCS) composite summary scores in altogether 400 (338 incident and 62 prevalent) dialysis patients with median age 64 years, 37% women, 24% diabetes mellitus (DM), 49% cardiovascular disease (CVD), and median estimated glomerular filtration rate (eGFR) of 5.3 (3.0-9.4) ml/min/1.73
Background
Chronic kidney disease (CKD) associates with significant clinical, societal and psychosocial burdens, especially in end-stage renal disease (ESRD) patients, and -due to cardiovascular disease, infections, protein-energy wasting and premature aging [1, 2] -to high morbimortality [3] . Health-related quality of life (HRQoL) is an important aspect of patient-centered clinical outcomes [4, 5] , and assessment of HRQoL is increasingly used as outcome measure when monitoring the quality and effectiveness of renal care including maintenance dialysis treatment [6] [7] [8] .
HRQoL usually deteriorates during the course of CKD progression [9, 10] and is often markedly reduced in ESRD patients due to restrictions affecting life style and food intake, multiple medications, effects of dialysis therapy, disease-related complications [11] , common comorbidities [12, 13] , the uremic milieu [14, 15] and premature aging [1, 2] . Efforts aiming at improving HRQoL are warranted not only because satisfactory HRQoL is a goal in itself but also because poor HRQoL is linked to hospitalization and mortality [6, [16] [17] [18] [19] .
Many factors influencing HRQoL in ESRD patients have been identified [10, 20, 21] such as country, ethnicity, and demographic variables [22] . HRQoL was investigated in ESRD patients on hemodialysis (HD) or peritoneal dialysis (PD) in Korea [23] , Singapore [24] , Brazil [18, 25] , US [26] , Turkey [27] , Netherlands [28, 29] , South Africa [30] and Sweden [10] . The impact of dialysis modality on HRQoL has been analyzed [31] . However, few larger studies evaluated the mortality predictive role of HRQoL in ESRD patients.
In the present study, we investigated factors associated with HRQoL and analyzed associations of HRQoL and its components with survival in 338 Swedish ESRD patients starting dialysis on HD (≈68%) or PD (≈32%), and in 62 prevalent PD patients. The two cohorts are analysed and presented separately.
Methods

Patients
This study is a post hoc analysis of available Short Form-36 (SF-36) scores and clinical data for two separate cohorts comprising incident (n = 338) and prevalent (n = 62) dialysis patients. SF-36 assessments in 8930 individuals (aged 15-93 years; 48% males) representing the Swedish population [32, 33] served as reference for comparative analyses.
Incident dialysis patients
CKD stage 5 patients (n = 338; median age 63 years; 31% women) initiating dialysis with HD (≈68%) or PD (≈32%) were recruited during 2000-2005 within a longitudinal study (PAUS, Prospective study of renal replacement therapy in Stockholm) at the Karolinska University Hospital and Danderyd Hospital, Stockholm, Sweden. The protocol and part of the data from the PAUS study have been described earlier [10] . The current study includes those patients with measurements of HRQoL. Each patient's medical chart was thoroughly reviewed by a nephrologist, and data was extracted on underlying kidney disease, presence of clinically overt cardiovascular disease (CVD), and other comorbid conditions such as diabetes mellitus (DM). The causes of CKD were diabetic nephropathy (25%), hypertension/renal vascular disease (20%), chronic glomerulonephritis (13%), and other (such as polycystic kidney disease), or unknown, etiologies (42%). Mortality risk was analyzed during up to 60 months, median 29.6 months.
Prevalent dialysis patients
Prevalent PD patients (n = 62; median age 65 years; 35% women) were recruited during 2008-2011 within a study (MIMICK2, Mapping of Inflammation Markers in Chronic Kidney Disease 2) aiming at including all PD patients controlled at the Karolinska University Hospital and Danderyd Hospital, Stockholm, Sweden. The protocol and part of the data from the MIMICK2 study have been described earlier [34] . Briefly, 84 out of 163 invited patients agreed to participate; however, HRQoL data were lacking in 22 patients. The remaining 62 patients had undergone PD for median 12.1 (10-90th percentile range 4.1-40.0) months. Mortality risk was analyzed during up to 60 months, median 22.2 months.
The Ethics Committee of Karolinska Institute at Karolinska University Hospital, Stockholm, approved the study protocols and each patient gave their written informed consent.
SF-36 questionnaire
The Medical Outcomes Study Short Form-36 (SF-36) is a self-report generic instrument for assessment of two major aspects of patients' HRQoL and includes 36 items that measures eight dimensions, or health domains, on a 100-point scale [35] . The eight domains are: 1. Physical functioning (PF), 2. Role limitations caused by physical problems (RP), 3. Bodily pain (BP), 4. General health (GH), 5. Vitality/energy/fatigue (VT), 6. Mental health/ emotional well-being (MH), 7. Role limitations caused by mental health/emotional problems, and 8. Social functioning (SF). Results from the questionnaire were summarized into a physical composite summary (PCS) score aggregating items from PF, RP, BP, and GH, and a mental composite summary (MCS) score aggregating items from the domains VT, SF, MH, and RE. In the Swedish normative reference population, mean values of these scores were: PF = 87.9, RP = 83.2, BP = 74.8, GH = 75.8, VT = 68.8, SF = 88.6, MH = 80.9, RE = 85.7, and PCS = 50 and MCS = 50 [33, 36] .
HRQoL was assessed at dialysis initiation, or up to 2 weeks after the first dialysis session among incident dialysis patients, and at baseline in the prevalent dialysis patients.
Clinical assessment
Height and body weight were obtained at baseline and body mass index (BMI) was recorded. Arterial systolic and diastolic blood pressures (BP) were measured in the morning after a 15-min resting period, and mean BP (1/3 * systolic BP) + (2/3*diastolic BP) [37] were recorded. Comorbidity was assessed using Davies comorbidity score [38] .
Biochemical analyses
Blood samples, collected in incident dialysis patients at baseline before commencement of regular maintenance dialysis, and in PD patients after an overnight oral fast without interrupting ongoing PD, were separated to obtain plasma within 30 min, and samples were kept frozen at − 70°C if not analyzed immediately. Concentrations of hemoglobin and serum albumin (bromcresol purple), creatinine, potassium, calcium, phosphate, parathyroid hormone (PTH), C-reactive protein (CRP) were determined by routine methods at the Department of Laboratory Medicine, Karolinska University Hospital. Plasma interleukin-6 (IL-6) analyzed by commercial kits on Immulite Automatic Analyzer (Siemens Medical Solutions, Los Angeles, CA, USA) according to the instructions of the manufacturer. Data on glomerular filtration rate (GFR) were not available in all patients. Instead estimated GFR (eGFR) was calculated based on the CKD-EPI equation [39] , also in PD patients as described previously [40] .
Statistical analysis
Data are expressed as median and range (10th -90th percentile) or percentage, as appropriate. Statistical significance was set at the level of p < 0.05. Comparisons between two groups were assessed with the nonparametric Wilcoxon test for continuous variables and Fischer's exact test or Chi-square test for nominal variables. Spearman's rank correlation analysis was used to determine associations between selected parameters. The differences in HRQoL domains and summary scores between the combined cohort of 400 ESRD patients and the Swedish reference population (n = 8930) were assessed using Cohen's effect size d, computed according to Becker [32] . Cohen's effect size (d), a standardized measure of effect size (ES), was defined as the differences between the mean values of two samples divided by the pooled within-group standard deviation (SD). An effect size of one is equivalent to change of one SD between the groups. According to Cohen, benchmarks for interpreting the magnitude of differences are: ES values< 0.49 are considered as small, values of 0.50-0.79 as medium, and values ≥0.80 are considered as large. Principal component analysis was used to analyze the construct validity for the two summary scales (PCS and MCS), i.e., the degree by which these scales measured what these scales were purported to be measuring when using SF-36. Cox proportional hazard models were used to obtain hazard ratios (HRs) for all-cause mortality risk for PCS and MCS, adjusting for all confounders. As there were relatively few missing values (see Table 1 ), imputations were not used. Statistical analyses were performed using statistical software SAS version 9.4 (SAS Campus Drive, Cary, NC, USA) and Stata 15.1 (Stata Corporation, College Station, TX, USA).
Results
Baseline characteristics of the 338 incident dialysis patients and 62 prevalent PD patients are summarized in Table 1 . While age, sex distribution and Davies comorbidity score did not differ, PD patients had lower CVD prevalence, lower mean blood pressure, higher eGFR, higher hemoglobin, lower potassium, lower calcium x phosphate product and higher PTH levels than the incident dialysis patients.
HRQoL as assessed by SF-36
HRQoL data in the 338 incident dialysis patients and 62 prevalent PD patients are presented in Table 2 . PD patients scored better in all domains, except General Health, and had higher MCS score and PCS tended to be higher (p = 0.06) compared with the incident dialysis patients.
Univariate correlations between PCS, MCS and clinical characteristics and investigated biomarkers
In 338 incident dialysis patients, PCS and MCS correlated with serum albumin (rho = 0.17, p < 0.001; rho = 0.12, p < 0.05) and hemoglobin (rho = 0.19, p < 0.001; rho = 0.20, p < 0.00), respectively, and negatively with CRP (PCS: rho = − 0.22, p < 0.001; MCS: rho = − 0.15, p < 0.01, respectively). Furthermore, PCS associated with comorbidities (CVD and DM), BMI (rho = − 0.11, p < 0.05), and sodium (rho = 0.15, p < 0.01), while MCS correlated with serum calcium (rho = 0.14, p < 0.05) and male gender (rho = − 0.13, p < 0.01). There were only a few statistically significant associations in the PD cohort.
Differences between ESRD patients and normative population expressed as effect sizes
The results for calculated effect sizes (ES) of differences between in 338 incident dialysis patients, 62 prevalent PD patients and the normative Swedish population are presented in Table 3 [33, 36] . Briefly, most dimensions and PCS (ES = -0.67) differed as compared with the normative subjects in the incident dialysis patients with differences being of medium magnitude (− 0.50 to − 0.79). However, Bodily pain and Mental health, as well as MCS (ES = -0.46) showed differences of small magnitude (ES − 0.50 to − 0.79).
In contrast, prevalent PD patients demonstrated, compared to the normative Swedish population, smaller differences and medium magnitude for differences (ES − 0.50 to − 0.79) were observed only for three dimensions, Physical functioning, Role physical, and General health as well 
Multivariate analysis of parameters associated with PCS and MCS
Linear multivariate regression analysis showed that among the 338 incident dialysis patients, 1-SD higher PCS associated negatively with 1-SD higher age, DM and CVD, and positively with 1-SD higher Hb and Na (adjusted r 2 = 0.17). In 62 prevalent PD patients, 1-SD higher PCS was negatively associated with 1-SD higher age, see Table 4 .
Linear multivariate regression analysis showed that there were no significant associations of 1-SD higher MCS with clinical variables among the 338 incident dialysis patients and 62 prevalent PD patients; see Table 4 .
Multivariate competing risk analysis for all-cause mortality
In 338 incident dialysis patients during follow-up, median 29 months, 116 (34%) out of 338 patients died and 83 (24%) underwent renal transplantation. In 62 prevalent dialysis patients during follow-up, median 22 months, 28 (45%) out of 62 patients died and 14 (23%) underwent renal transplantation. Multivariate Cox regression analysis for all-cause mortality, taking renal transplantation into account, and with patients with ≥ median of PCS and MCS serving as reference group, showed statistically significant difference for PCS only in incident dialysis patients. Briefly, in incident dialysis patients, 1-SD lower PCS associated with increased mortality whereas 1-SD lower MCS did not associate with mortality. In PD patients, neither PCS nor MCS associated with mortality (Tables 5 and 6 ).
Principal component analysis
Principal component analysis was performed to ascertain the construct validity of the SF-36 results. Briefly, in 338 incident dialysis patients the physical components (PCS) was found to explain 75.2% whereas mental components (MCS) explained 74.2% whereas in 62 prevalent PD patients, PCS explained 35.2% and MCS 43.4% of the variance in HRQoL measurements (Additional file 1: Table S1 ).
Discussion
It is easy to lose sight of the fact that for patients their mental health and satisfaction with their treatment are as important-if not more important-than meeting clinical or numerical laboratory targets [12] . Here we report that in ESRD patients, lower HRQoL -a key Table 4 Linear multiple regression models for 1-SD of PCS and 1-SD of MCS in incident dialysis and prevalent dialysis patients Statistically significant associations are marked as bold Abbreviations: SD standard deviation, DM diabetes mellitus, CVD cardiovascular disease, hsCRP high sensitivity C-reactive protein, Hb hemoglobin measure of patient-centered outcomes [5] -was associated with increased all-cause mortality, indicating that quality of life matters also for hard outcomes of ESRD patients. To the best of our knowledge, the present study is -together with [10] -the largest cross-sectional study of HRQoL in Swedish ESRD patients and so far the only study addressing HRQoL vs mortality among these patients. We report that HRQoL indices correlated with somebut only a few -demographic, clinical and laboratory parameters that appeared to be linked to the well-being of the patients. Thus, following adjustments for age and sex, the physical component of HRQoL, PCS, associated positively with hemoglobin and serum albumin and negatively with age, CVD and DM, while the mental component of HRQoL, MCS, associated only with hemoglobin. Neither PCS nor MCS associated with eGFR. There were surprisingly few associations between MCS, and the numerous clinical factors assessed, suggesting we know little about the drivers of MCS and the items included in MCS. This should be an area for future studies.
Pagels et al. [10] in a study comprising 535 Swedish patients with CKD stages 2-5 reported that co-existing conditions, such as inflammation and cardiovascular disease seemed to be powerful predictors of impaired HRQoL. Other studies show that HRQoL is influenced by clinical and demographic factors such as age [25, 41] and gender [42] , comorbidity, such as CVD [43] and DM [25] , malnutrition [44] , inflammation [44] , anemia [45] , and also residual renal function [46] .
Poor HRQoL predicted all-cause mortality, but this association was confined to PCS in incident patients. In contrast, in a study on incident PD patients, not only low PCS but also low MCS associated with high mortality [18] . And, in a study in mainly diabetic patients [17] , low MCS at dialysis initiation but neither low PCS scores nor Karnofsky scale associated with worse survival. In the NECOSAD Study [28] , at 3 months after the start of dialysis, a mental SF-36 derived HRQoL score of 2-SD or less than the corresponding score in the general population predicted greater risk for poor outcome, but similar to the current study, a low MCS at baseline did not associate with mortality. These differences could be due to differences between investigated populations in terms of age, sex or comorbidities (like DM) but may also reflect different stages of the dialysis trajectory.
While HRQoL values as assessed by calculated effect sizes for differences were, as expected, lower in our ESRD patients than in a Swedish reference population [33, 36] they were lower also compared to previous results reported for prevalent dialysis patients [29, 47, 48] . It should be noted that most (84%) of our ESRD patients were incident dialysis patients. Due to the design, context and setting of the current study, analysis of differences between incident and prevalent dialysis patients was deemed not to be appropriate and, in any case, difficult to interpret considering differences among others in selection and clinical characteristics. Nevertheless, in the current study, the prevalent patients had higher MCS and, according to effect sizes (ES) of differences in HRQoL domains and summary scores, appeared to be better off than the incident dialysis patients. Similarly, lower PCS associated with increased all-cause mortality risk in the incident dialysis patients, whereas neither lower PCS nor lower MCS associated with all-cause mortality in the prevalent patients. These differences may reflect a more stable situation in the prevalent PD patients as compared to the incident dialysis patients. Adjustments for confounders included age, gender, presence of diabetes and cardiovascular disease, levels of plasma albumin, high-sensitivity C-reactive protein and eGFR Abbreviations: SD standard deviation, PCS physical composite summary score, MCS mental composite summary score
Several studies examined HRQoL in PD patients [8] , and some compared PD with HD [49] [50] [51] ; however, a caveat for such comparisons is that differences between PD and HD may reflect different policies for starting patients on the respective treatment rather than differences between the therapies [52] . As mortality rate is higher in the period after start of hemodialysis [53] , our prevalent PD patients constitute a selected group of clinically stable survivors, and this may also explain why HRQoL in the PD patients were better than HRQoL in the incident dialysis patients.
On the other hand, dialysis is a time-consuming procedure and as time passes, patients may become more burdened not only by complications linked to their kidney disease, but also by the time dealing with dialysis therapy and the way it interferes with the daily life, and by frustrations of feeling of being a burden on the family [20] . In a prospective cohort study [12] , HRQoL declined steadily during a two-year study period; general health symptoms/problems, emotional well-being, burden of kidney disease, and patient satisfaction were the most significantly declined domains. In a multi-centre prospective cohort study, BRAZPD [18] , PD patients with baseline HRQoL assessment had reduced HRQoL scores in some domains, demonstrating that HRQoL is already reduced at initiation of dialysis therapy. Furthermore, in the BRAZPD study, SF-36 scores of incident PD patients remained unchanged 12 months after the initiation of PD therapy. In our study, HRQoL was more impaired among the incident patients at the time of dialysis initiation than in those who had been treated 1 year on PD. Altogether these observations suggest that dialysis-initiating periods are critical transitional states during which patients may feel more vulnerable and anxious. This could be a reason explaining why the incident dialysis patients in our study had lower MCS than the prevalent PD patients.
We report that age was negatively associated with PCS (rho = − 0.17) in incident patients and (rho = − 0.45) in prevalent PD patient. This agrees with Griva et al. [41] , who found that older patients showed significantly better HRQoL than younger patients despite their worse clinical profile. Levels of anxiety and depression were also lower in elderly patients. As shown by Harris et al. [54] and Griva et al. [41] , elderly patients often report significantly better HRQoL than younger patients. Older and younger patients may have differential health expectations and ability to accept having to adapt to a worsening health status. Younger patients may have increased expectations of self-sufficiency and/or expectations to maintain or resume normal life style while older patients have lower illness/treatment intrusion, less social life to be disturbed, and better developed coping mechanisms, judging by the things that they already have accomplished.
Knowledge about the risk factors for poor HRQoL can guide identification of vulnerable ESRD patients and development of interventions to help them. Certain determinants of HRQoL in ESRD patients, not only clinical factors but also mental factors, are potentially modifiable [23, 55] . Early identification and correction of such factors may potentially lead to improving the overall well-being of patients. The results of the current study suggest that patients close to dialysis initiation are especially vulnerable because this phase of the disease trajectory presents many uncertainties to the patient [10] and therefore corrective, educational and supportive interventions are warranted during this period. While our study demonstrates differences such as between incident dialysis patients and prevalent PD patients, physical vs mental domains, and younger vs older patients, other factors influencing HRQoL, such as good self-recognition, may not be adequately captured by the SF-36 survey.
When interpreting these results some limitations of our study should be considered. First, this was an exploratory hypothesis generating analysis and because of the observational design of the study, no conclusions can be made regarding causality. Second, because of selection biases for inclusion of incident dialysis patients starting on HD (≈68%) and PD (≈32%) and prevalent PD patients, we cannot draw any conclusions regarding possible differences between these two groups, and the findings cannot necessarily be extrapolated to other dialysis patient populations. Third, this was an exploratory post hoc analysis of baseline data, and the evolution of HRQoL over time was not followed; this would be needed for interpreting illness trajectories. Fourth, we did not investigate a range of other potential determinants of HRQoL such as direct measurements of residual renal function, depression, fatigue, self-efficacy, coping strategies, socioeconomic aspects, employment, education level, loss of sexual function and marital discord, factors that might have influenced HRQoL directly, or indirectly. Fifth, the Swedish normative population used as a reference was not designed for the purpose of the present study. Sixth, because some of the individual components forming PCS are negatively weighted in calculating the MCS, and vice versa, this makes the interpretation of results more difficult. Finally, comparisons between the two cohorts should be interpreted with caution because of differences in sample size between incident (n = 338) and prevalent (n = 62) patients which together with differences in selection criteria and baseline characteristics, such as PD patients being in general more independent and having higher functional capacity than those who choose HD, precludes stringent statistical comparisons. Among strengths, it should be noted that patients were followed for up to 5 years and no patient was lost for follow-up. and Monica Eriksson for laboratory analyses; AAP, Birgitta Klang Söderkvist, CM, BH and Susanne Heiwe for collection and evaluation of data within the Prospective study of renal replacement therapy in Stockholm (PAUS). The current study was supported by grants from Amgen, Swedish Medical Research Council, and Osterman's, Martin Rind's and Westman's Foundations.
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